of the subject does not appear to have received its due amount of attention from other workers, who have concerned themselves more with the study of the responses to external stimuli.
Internal stimuli arise as the result of change in any organ of the pilot's body. Those, however, which we desire to study more particularly are stimuli arising from the voluntary muscles, joints and tendons, which by their response in the first instance to an external stimulus are themselves the source of further stimuli. Upon the processes so initiated depends the harmonious and smooth functioning of the muscular groups by means of which the pilot exercises control of his machine.
Other sources of these internal stimuli are the labyrinths, the function of which is-contrary to a general opinion widely held-rather to furnish information as to the relative position of the head with regard to the trunk than to the position of the head in space. Pressure stimuli arising also from the deeper structures convey infornmation as to the relationship of the pilot's body to the machine with which it is in contact.
The various movements of the voluntary muscles demanded of the pilot need consideration.
In flight an aeroplane may travel in the following directions:
(1) Forward with rotation about its lateral axis. This change of direction is brought about by a fore and aft movement of the central pillar or " stick" actuating the elevator.
(2) Forward with rotation about its normal, i.e., vertical axis. This movement is brought about by the action of the rudder, controlled by a fore and aft movement of the legs and feet.
(3) In a position of rotation about the longitudinal axis known as "banking": a position maintained during the movement of turning where it is combined with rudder action. The movement is due to an alteration in the wing surface of the machine and is controlled by a lateral movement of the stick activating the ailerons.
By means of these movements separately, or by a combination of two or more simultaneously, the position of the machine may be varied or controlled at will in flight.
At times also, during flight, other movements connected with engine control are called for. The mechanisms therefore necessary for the actual control of a machine are those which the physiologically healthy individual may be expected to possess. He must be equipped with normal apparatus for the reception of stimuli, a normal skeletal and muscular system, and a nervous system capable of conveying the stimuli to the appropriate muscles. In other words, be is required to be able to perceive certain stimuli and to pay attention to them, to be capable of forming, with reasonable rapidity, sound judgments based on the stimuli received and to be able to perform with precision, speed and consistency, certain muscular movements of the arms and legs. It is emphasized that no attempt is here being made to gauge the possession of those qualities which are comprised under the term "flying temperament."
This depends upon the "mental make up" of the individual and does not appear capable of examination by laboratory tests. The mechanisms involved may be most conveniently regarded from three aspects:
(1) The receptor apparatus-upon which the stimuli impinge-is the starting point of adaptative changes in the organism, each receptor being attuned to receive certain stimuli, but being refractory to others.
(2) The effector apparatus, the muscles acting upon the bones as levers by means of which the organism communicates movements to the controls of the machine appropriate to the stimuli received.
(3) The transmitting apparatus-the cerebro-spinal system through the paths of which the receptor and effector apparatus are co-ordinated.
An understanding of the mechanism of the psychomotor responses is best based on this concept of the simple reflex arc. All reactions of the organism are built up of a series of such simple reflexes. These reflexes occur both simultaneously in combination, and successively. In addition to their functions of co-ordinating one organ of the body with another, they are themselves co-ordinated one to another. It is to this subject of co-ordination of the reflexes themselves that we have directed our attention.
Literature on the subject of psychomotor responses in their relation to flying shows that in most countries research has been directed very largely to the study of the time taken for the performance of a reflex act of a comparatively simple nature.
In most cases the co-ordination of hand and eye in simple form has been studied by means of an apparatus in which a visual stimulus-commonly taking the form of 'a coloured light-is presented; to this the subject is instructed to respond as rapidly as possible by pressure or release of an electric key. An electrically controlled clock, which is started by the operator simultaneously with the lighting of the lamp is arrested by the subject's key thereby recording the time taken for the performance of this simple act of co-ordination.
Similar experiments are carried out with auditory and tactile stimuli. In each case a series of readings is taken and the average time is calculated, as also is the subject's average deviation from his own mean. This latter figure gives a measure of the consistency of his performance. More complicated reactions, so-called " choice reactions" involving a higher degree of psychic, as opposed to muscular, co-ordination are introduced by some workers. In these cases a choice of stimuli in the form of several vari-coloured lights to one of which only the subject is to react may be exhibited, or appropriate keys for each form of stimulus are used.
The form of response is usually manual, but by some experimenters foot movements have also been introduced as part of the effector mechanism implicated. The actual time taken in the response to stimuli of this kind varies according to the receptor stimulated (auditory or visual) and also upon the direction of the subject's attention. A longer time is taken where this is fixed upon the stimulus he awaits (sensorial type) than in the case where it is fixed upon the muscle movements he is going to execute-muscular type. 
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These workers have found a high degree of correlation between the performance of individual pilots under these tests and their aptitude for flying.
From a limited amount of work along similar lines carried out by one of us, such results did not emerge and the figures obtained were inconclusive. It was found that on the whole individuals varied but slightly from each other in these times, and large variations were found where least expected, e.g., in cases where the pilot's flying was satisfactory.
In cases of extreme fatigue, psychoneurosis, and head injury, reaction times are often prolonged and performance is erratic. The condition here naturally is fairly apparent clinically and is shown up clearly by the other tests used in the course of routine medical examination as carried out in the Royal Air Force. In this connexion study of reaction times is of little practical value-except that in some cases progress may be estimated by improvement of times and consistency of performance.
The greatest objection to the use of any test of reaction times is that a subject's reactions tend to vary according to his condition at the time-fatigue, excitement and environmental conditions.
It appeared to us that the actual speed of a simple reaction was not the best criterion of flying aptitude. The subject possessing the fastest times may be erratic and may lack general endurance, while the slow type may exhibit consistency and after practice may prove to be in the long run a more reliable pilot. The tests carried out on the lines given do not furnish information on the quickness and precision of the compound effector response, the movement being usually confined merely to the lifting of a finger. The problem before us was to devise some form of apparatus which, in addition to testing the reaction time of simple movement, would throw light upon the efficiency of the proprioceptive mechanism, for tnis is largely involved in the co-ordination of the various reflex arcs utilized in the comparatively complicated and delicate movements necessary for the control of aircraft. This corresponds to that quality which is known commonly as "hands."
From the ceptors situated in the muscles themselves there arises a continual stream of centripetal impulses. Any change of muscle tonus, therefore, is communicated through the afferent limb of the reflex arc and the central conducting path to the efferent limb producing appropriate changes of tonus in other muscle groups.
This process takes place wherever various groups of muscles combine to produce simultaneous movements of limbs, which are in turn smoothly succeeded by activity of other groups. The stimulation of the ceptors of this proprioceptive mechanism is secondary to that of the exteroceptive system. For instance, a sound stimulus initiates directly rotation of the head in the direction of the sound. Impulses arise from the muscles so stimulated, which in their turn initiate changes in other often distant muscular groups.
In flying there is no doubt that the external ocular muscles are of the greatest importance in the initiation of stimuli in this system, and it is upon satisfactory co-ordination of the succeeding reflexes that skilful landing and flying depend.
The apparatus described below is evolved from the original Control Indicator invented by Flight-Lieut. Reid for the purpose of night or fog flying. This apparatus furnishes, by the illumination of four groups of electric lights arranged centrally around the speed indicator, coloured red and green, the position of the machine in space-whether flying straight, to port or starboard, and whether banked or on a level keel.
Degree of alteration of the position of the machine in one or more dimensions in space is shown by the number of lamps illuminated in one or other group-movements of the rudder or control pillar acting through the machine extinguish these lights, while two white lights remain illuminated when the machine is flying straight and level. In the apparatus in use, where the machine itself is stationary, the mechanism has been adapted so that the illumination of the lamps is controlled directly by the position of the control pillar or rudder. There is a movement of the lights concomitant with that of the controls which gives co-ordination of hand and external ocular muscle movement.
-'The diagrammatic sketch of the arrangement of the reaction time apparatus is shown in fig. 1 . The rudder bar carries a metal arm " A," which passes over a number of contacts "B" according to its angular position, and so illuminates a number of lights, which thus move as the rudder is moved. When the rudder is centred, only the centre white light remains lit.
The control stick rotates an arcuate tube containing mercury "C," so that when the stick is moved this mercury passes over a number of platinum contacts" D " and lights an upper row of lamps according to the amount of the movement, and as the stick is centralized the coloured lights would be extinguished one by one until only the central white light remains.
A relay " E " operates a d'Arsonval clock " F " and a tape machine, so that when any coloured lamp is lit the timing devices are recording, and are automatically shut off when the controls are centred.
The apparatus is fixed in an aeroplane fuselage, and the switches and timing apparatus mounted on the rear end for convenience of working. Switches SI and S2 are mounted so that either can be moved for hand or foot movements, or both together for combined movements. Fig. 2 shows the general arrangement of the apparatus.
In the study of psychomotor responses it is important if possible to widen out the range of response so that any clock errors may be relatively unimportant. In the present apparatus this is done by setting the controls very sensitively, and a range is obtained for a combined movement varying ,from 2'35 sec. to 12'35 sec. for different subjects.
The methods of investigation are as follows
The subject is seated in the machine (fig. 2 ) and the mechanism explained to him. A preliminary series of trial reactions is given, and, when the idea is grasped, a number of tests are given as follows:
(1) Hand movement alone to right and left.
(2) Leg movement of the rudder to right and left.
(3) Combined movements of the one arm and one leg simultaneouslyusually stick to one side with full rudder to the opposite side-a position corresponding to that obtaining in the manceuvre known as a " spin." In this case both controls must be exactly centralized.
In the experienced pilot the reflex arcs here involved operate simultaneously, in the inexperienced successively. The effects of distraction may be observed by sounding a Klaxon horn unexpectedly during a series of observations. The effect is noted, not only upon the actual time of that response, which may be increased, but particularly upon the succeeding responses. A marked increase in reaction time which persists over several tests suggests some instability of nervous control.
An electrically-controlled clock and an automatic time-recording apparatus are automatically started synchronously with the exhibition of the lights to the subject and arrested at the moment he centralizes his controls. The times of a series of observations are recorded and the mean time and variation calculated therefrom.
Graphs have been prepared showing the time-curve of individual performances of hands and feet separately and of the subject's performance of the combined movement. Also, a graph has been drawn showing the mean time of each subject's performance in each test so that the mean time of any particular case may be compared with that of others.
Results show that the time taken for the centralization of the rudder control is the shortest, that of the stick to be a little longer when each are tested separately. This is due to the greater sensitivity of the stick control in,the apparatus, which therefore increases the difficulty of the manoeuvre. Six examples of results obtained in different cases in the same manceuvre-recovery from a spin. A and D show high average time and inconsistency of pilots who failed to make satisfactory progress, and crashed. B and B show rapidity of reaction and consistency in experienced pilots.
C shows rapid reaction but erratic results after distraction by Klaxon horn. Suibject is an experienced pilot who recently suffered from fracture of skull and cerebral irritation. P' shows type of result of a non-flying subject. The result of an attack of migraine in slowing of reaction time is shown. The subject suffered from partial loss of visual field. It will be noticed that the average time is lower in this case than in the cases A and D, although these subjects have flown 40 and 50 hours respectively.
The right-hand time is usually the shorter except in the case of a lefthanded individual.
Results thus obtained bring out the following points:
(1) The degree of approximation of the time curves of hand and feet taken separately to one another for purposes of comparison.
(2) The degree of approximation of the curve of simultaneously combined hand and foot movement to that of each taken separately.
(3) The actual speed of reactions of each type as shown by the ordinates in the graph.
(4) The consistency of performance which is gauged by the flatness or irregularity of the curve.
(5) Erratic performance is characterized by a multi-peaked curve. We have endeavoured provisionally to interpret the results we have so far obtained from the examination of fifty-six cases. The ability of the subject may be gauged by the approximation of his resuilt to the lowest of the five horizontal lines, below which fall the results of pilots of recognized ability.
Results fallinig between lines 1 and 3 are those which are deemed satisfactory.
We have first divided our cases into three groups:
(1) Those who were at the time of examination engaged on full flying duties.
(2) Those who have received flying training but who are not engaged at present on this form of duty.
(3) Those who have never been instructed in the control of a machine.
Examples of the individual diagrams are shown on figs. 3 and 4. The curves are also shown in fig. 5 of the average reaction times for the various subjects tested, and this allows of a comparison being made.
The mean times and the mean variations of the reactions in each class for eachitest are as follows: From these figures it is apparent that Group 1 shows the best results, both as regards time and consistency; Group 2 shows an increase in time taken in each reaction amounting to 1Y52 sec. in the " spin" test; Group 3 again shows a similar increase in the times of each reaction compared with Group 2 of Of8 sec. in the spin. There is also a progressive increase in the mean variation between Groups 1 and 3.
These results in themselves are capable of several interpretations. It may be concluded that the figures of each group indicate merely the effects of practice and habit, and this factor certainly must be taken into account.
Group 2 contains a number of subjects who have definitely been noted as flying unsatisfactorily, and also a number who are being employed on ground duties. We are not in a position to state whether these latter subjects were so employed on account of some defect in their flying.
We can explain therefore the increase in times of Group 2 either by the fact that they are out of practice or that their powers of co-ordination are inferior to those of Group 1. The latter assumption may account for their defective flying and employment on the ground.
The results obtained by this grouping at least afford us an idea of the average times taken by subjects of different classes.
If we next examine the relationship between the time taken by subjects of each group to perform the simple hand movement, and the combined hand and foot movement, we find that in Group 1 the average increase in time taken is 0O65 sec. to perform a complicated movement. In Group 2 the increase of time taken is 1-4 sec., an increase of just over 100 per cent. In Group 3 the time is 1'9 sec., an increase of 200 per cent. approximately over Group 1.
This figure is the one which we believe to give measure of the efficiency of the powers of co-ordination in which both the exteroceptive and proprioceptive fields are called upon to play their part, particularly that portion of the latter which is connected with the external ocular muscles.
It is when we contrast the results of subjects who have received flying training, who have crashed on one or more occasions, and whose flying has definitely been noted as subnormal, with those which we have obtained from the groups 1 and 2 that the striking figures emerge.
The following is an analysis of five such cases:
( fig. 3 .) Spin 5 9
Hands 5 These results should be compared with those obtained from experienced pilots vide E and B, fig. 3 . Note shortness of time taken and level curve.
We fully recognize that sufficient cases have not yet been examined to warrant arrival at any definite conclusions, and desire to emphasize the fact that the work carried out has been purely experimental. The tests are not used in the selection of candidates, or grading of pilots.
We believe however that:-(1) Tests on the lines of those we have carried out with this apparatus will, by furnishing a measure of the individual's co-ordinating power, indicate the degree of his ability to fly and land successfully.
(2) Periodic tests during flying training will afford indication as to rate of progress and of acquisition of flying skill. In cases in which an individual's flying is noticed to be unsatisfactory, light may be thrown by these tests on the actual cause of such fault; if not in a positive manner at least by elimination of the fact that he does not possess the power of rapid coordination.
In cases where co-ordination is defective, advice on the question of the continuance of training or flying might be given with a resultant economy in life and machines.
(3) The apparatus might actually be used as a means of training pupils to acquire on the ground those particular co-ordinations necessary for aeroplane control.
(4) The suitability of a pilot for any particular type of machine might be gauged from the results of his tests by this apparatus. The fastest times indicating delicacy of adjustment would suggest an aptitude for scout machines.
(5) The apparatus is capable of recording the reaction times of a pilot while actually engaged in flying. The effects of high altitudes and diminished oxygen tension would then be automatically recorded.
